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(54) Linear element laying structure in relative rotation mechanism 



(57) Pipes and/or wires extend in a bundle (1 0) from 
a hollow portion (1 9) of a second wrist element (2) to a 
hollow portion (1 8) of a first wrist element (1 ) of a robot. 
The first wrist element (1) can rotate relatively to the sec- 
ond wrist element (2) around an axis (4) that passes 
through the two hollow portions (18,19). This bundle 
(10) is divided into a plurality of split bundles (11) in the 
hollow portion (1 8) of the first wrist element (1 ). The split 
bundles (11) are led out individually through a plurality 
of openings (8) in the sidewall of the first wrist element 
(1 ) and are connected to a working unit on a flange por- 
tion of the first wrist element (1), the split bundles (11) 
being led out of the openings (8) at given angles to di- 
rections radial to the axis of rotation of the first wrist el- 
ement (1). 
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Description 

[0001 ] The present invention relates to a laying struc- 
ture for linear elements, such as wires or pipes, located 
between two relatively rotatable members, for example 
a laying structure adapted to lay linear elements be- 
tween relative rotation parts in a turning machine such 
as a robot or manipulator. 

[0002] A bundle of linear elements that are formed of 
wires and pipes, such as cables for supplying electricity 
and hoses through which a fluid such as air or water 
runs, is attached to and extends between two members 
that can rotate relatively to each other. When the two 
members rotate relatively to each other in this case, the 
bundle of linear elements is twisted, so that its durability 
lowers. 

[0003] There are increasing demands for the enlarge- 
ment of the range of operation of a robot, and the im- 
provement of the reliability of built-in cables of the robot, 
in particular. Accordingly, various proposals have been 
made to improve wiring and piping structures, such as 
cables, hoses, etc. in the relative rotation parts. 
[0004] in the case of a robot wrist, for example, a 
working unit such as a hand or welding gun is attached 
to the distal end of the wrist. Further, a plurality of linear 
elements, such as cables for supplying the working unit 
with electricity or hoses for running a fluid, such as air 
or water, are bundled and laid along an arm or wrist of 
the robot. Wrist elements of the robot wrist to which the 
working unit is attached frequently rotate and move rel- 
atively to a pedestal element, so that the durability of 
the linear elements is a critical problem. 
[0005] There is a system to tackle this problem. Ac- 
cording to this system, the wrist elements are made hol- 
low, and the central axis of the hollow is the center of 
relative rotation of the wrist elements. A bundle of linear 
elements, such as cables, is passed through the hollow 
structure. The bundle of linear elements is entwined in 
the hollow structure as it is guided into the wrist ele- 
ments, so that the wrist element on the pedestal side 
and the wrist element on the rotating part side can rotat 
relative to each other within a given range. 
[0006] As mentioned before, however, the hand, 
welding gun, or other working unit is attached to the ro- 
tating parts (wrist elements) on the distal end of the robot 
wrist, so that each rotating part may not be able to be 
formed in the shape of a pipe that has a through hole. 
In this case, the bundle of linear elements must be taken 
out through the side faces of the rotating parts. 
[0007] FIG. 4 is a view illustrating relative rotational 
parts on the distal end of one such previously proposed 
robot wrist. A first wrist element 101 and a second wrist 
element 102 are formed having a hollow shape and a 
common central axis. The first wrist element 101 rotates 
relatively to the second wrist element 102 around the 
common central axis. The first wrist element 101 is 
formed having a flange portion on its distal end to which 
a hand, welding gun, or other working unit (not shown) 



can be attached. Thus, the distal end of the hollow first 
wrist element 1 01 is closed by the flange portion and is 
not pierced. 

[0008] Accordingly, a bundle 10 of linear elements, 
5 which are formed of wires and pipes, such as cables for 
supplying electricity to the working unit on the flange 
portion of the first wrist element 1 01 and hoses through 
which air, water, or some other fluid runs, is led out 
through an opening 103 that is formed in the side face 
10 of the first wrist element 101. 

[0009] The bundle 10 of linear elements passes 
through the respective hollow portions of the second 
and first wrist elements 1 02 and 1 01 , bends in the shape 
of an L, and comes out through the opening 103 in the 
15 side face of the first wrist element 1 01 . In the second 
wrist element 1 02, the bundle 1 0 is fixed by means of a 
fixing portion 1 04. In the first wrist element 1 01 , the bun- 
dle 10 is fixed by means of a fixing portion 105 that is 
located near the opening 1 03. 
20 [0010] When the first wrist element 101 rotates rela- 
tively to the second wrist element 102, therefore, the 
bundle 1 0 of linear elements also rotates together with 
the first wrist element 101 , so that it is twisted in the di- 
rection of rotation of the element 101. If the first wrist 
25 element 101 repeatedly rotates in two opposite direc- 
tions, it lowers the durability of the linear elements. If the 
number of linear elements that constitute each bundle 
1 0 increases, the bundle 1 0 becomes so thick that it can- 
not be suddenly bent in the shape of an L with ease. 
30 Thus, the first wrist element 101 requires a wide space 
inside. If such a wide space is required in the robot wrist, 
however, the wrist must inevitably be large-sized, which 
is not structurally favorable. 

[0011] Described in WO01/39933A1 is a method in 
35 which one bundle of linear elements is divided into a plu- 
rality of split bundles, and the split bundles are taken out 
in the direction of the radius of rotation of a first wrist 
element through an opening in its side face. According 
to this method, however, the split bundles inevitably 
40 gather and adhere to one another near the center of a 
hollow configuration that is located near the opening of 
the first wrist element. If the first wrist element rotates 
relatively to the second wrist element, therefore, a force 
to twist the bundles of linear elements is enhanced, and 
45 the split bundles strongly rub against one another, so . 
that the durability of the bundles lowers. 
[0012] An embodiment of the present invention may 
provide a linear element laying structure in a relative ro- 
tation mechanism, in which a bundle of linear elements, 
50 e.g. formed of wires and pipes such as cables : hoses! 
etc., may be guided bent into the respective hollow por- 
tions of two relatively rotating members without pene- 
trating the hollow portion of one of the two members, 
utilizing a narrow space required of a robot wrist or the 
55 like without narrowing the range of relative rotation with 
improved reliability. 

[0013] In a linear element laying structure in a relative 
rotation mechanism according to the present invention, 
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first and second members having a hollow portion each 
are connected to the mechanism so as to be relatively 
rotatable around an axis passing through the two hollow 
portions, and linear elements, formed of wires and/or 
pipes, are passed through a hole in the center of rotation 
of the junction of the first and second members and laid 
in the hollow portions. A bundle of the linear elements 
is fixed to a stationary portion on the hollow portion side 
of the second member, extends from the stationary por- 
tion and passes through the hollow portion of the second 
member, is guided into the hollow portion of the first 
member through the hole in the center of rotation, and 
is divided into a plurality of split bundles formed of one 
or more linear elements each. The split bundles are 
guided at given angles to the direction of the radius of 
the relative rotation of the first member, drawn out 
through a plurality of openings in the side faces of the 
first member, and fixed near the openings. 
[001 4] Thus, the split bundles may be arranged along 
the sidewall of the hollow portion near the openings, so 
that a space can be secured near the center. When the 
first and second members rotate relatively to each other, 
therefore, the split bundles can be prevented from un- 
duly touching one another. Thus, the durability and reli- 
ability of the linear elements can be improved without 
requiring any wide space. 

[001 5] Further, the split bundles that are fixed nearthe 
openings may be designed so that their fixed portions 
are flat. Since the split bundles are laid flat, the linear 
elements of each split bundle may be arranged circum- 
ferentially along the inner sidewall of the hollow portion 
near the openings, so that a space can be secured near 
the; center. When the split bundles are entwined as the 
first member rotates relatively to the second member, 
therefore, they can be prevented from unduly touching 
one another. 

[001 6] Furthermore, the present invention may be ap- 
plied to a robot wrist with the second member used as 
a pedestal element of the axis of rotation of the distal 
end of the robot wrist and the first member used as a 
distal end element of the robot wrist. This is not, how- 
ever, a limiting example of application of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] 

FIG. 1 is a schematic view of a robot wrist according 
to one embodiment to which the present invention 
is applied; 

FIG. 2 is a view illustrating the way linear elements 
are laid between first and second wrist elements of 
the embodiment; 

FIG. 3 is a view illustrating the way split bundles are 
led out through openings of the first wrist element; 
and 

FIG. 4 is a view illustrating relative rotation parts of 
the distal end of a conventional robot wrist. 
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[0018] A robot arm 7 is rotatably mounted on an arm 
mounting portion (not shown). As shown in FIG. 1, a 
third wrist element 3 that forms a pedestal of a wrist 20 
is fixed to the distal end of the robot arm 7. Since the 

5 robot arm 7 rotates around a third axis 6, the third wrist 
element 3 rotates around the third axis 6. Further, a sec- 
ond wrist element 2 is supported on the third wrist ele- 
ment 3 so as to be rotatable around a second axis 5 that 
crosses the third axis 6. Furthermore, a first wrist ele- 

10 ment 1 is supported on the second wrist element 2 so 
as to be rotatable around a first axis 4 that crosses the 
second axis 5. 

[0019] The first wrist element 1 is provided with a 
flange portion 12 on its distal end, on which a working 
15 unit such as a hand or welding gun is to be mounted. 
The peripheral surface of the first wrist element 1 is pro- 
vided with a plurality of openings 8. The robot arm 7, 
first wrist element 1, and second wrist element 2 have 
a hollow form each. As shown in FIG. 2, the first axis 4 
passes through the central portion of a hole that con- 
nects hollow portions 1 8 and 1 9 of the first and second 
wrist element 1 and 2. 

[0020] A plurality of linear elements that are formed 
of wires or pipes for supplying the working unit, e.g., the 
hand or welding gun, on the flange portion 12 of the first 
wrist element 1 with electricity, air, or liquids are bound 
in a bundle. This bundle will hereinafter be referred to 
as a main bundle 1 0. 

[0021] The main bundle 1 0 is fixed to the arm mount- 
ing portion (not shown) and is led out through an open- 
ing 14 in the robot arm 7. Further, it passes outside the 
third and second wrist elements 3 and 2, passes through 
a cover 1 7 on the second wrist element 2, and is guided 
into the hollow portion 1 9 of the second wrist element 2. 
Then, the main bundle 1 0 is guided into a hollow portion 
18 of the first wrist element 1 through a hole at the axis 
of rotation. Further, that part of the main bundle 1 0 which 
is located in the hollow portion 18 of the first wrist ele- 
ment 1 is divided into a plurality of bundles (split bun- 
dles) 11. The split bundles 11 (each of which is formed 
of one or more linear elements) are led out individually 
through the openings 8 and are connected to the work- 
ing unit on the flange portion 12. 

[0022] Numerals 1 3 and 1 3' individually denote clam- 
pers that clamp the main bundle 10 inside and outside 
the robot arm 7. Numerals 1 5 and 1 5' individually denote 
clampers that clamp the main bundle 10 on the second 
wrist element 2. Further, numeral 1 6 denotes a clamper 
in the cover 17 that clamps the main bundle 10 on the 
second wrist element 2. Clampers 9 for fixing the split 
bundles 11 are also located individually near the open- 
ings 8 of the first wrist element 1 . Besides the cover 1 7, 
a cover (not shown in FIG. 1 ) is located overthat part of 
the main bundle 10 which is exposed to the outside. 
[0023] As shown in FIG. 2, the first wrist element 1 is 
rotatably supported in the second wrist element 2. The 
hollow portion 18 of the first wrist element 1 communi- 
cates with the hollow portion 19 of the second wrist el- 
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ement 2. The central axis of the hole that connects the 
hollow portions 1 8 and 1 9 is substantially in line with the 
first axis 4 or the axis of rotation of the first wrist element 
1 relative to the second wrist element 2. 
[0024] The main bundle 10 is fixed in the hollow por- 
tion 19 (cover 17) of the second wrist element 2 by 
means of the clamper 16. As shown in FIG. 2, that part 
of the main bundle 10 which is located on the wrist-end 
side of its clamped portion is twined and turned substan- 
tially in the shape of a U or J, and is guided into the 
hollow portion 18 of the first wrist element 1 through a 
hole that extends along the first axis 4 at the junction of 
the first and second wrist elements 1 and 2. The main 
bundle 10 bent in this manner is divided into a plurality 
of bundles (split bundles 11) in the hollow portion 18 of 
the first wrist element 1 . Each split bundle is formed of 
one or more linear elements, such as wires or pipes. In 
the example shown in FIGS. 2 and 3, the main bundle 
10 is divided into three split bundles 11. 
[0025] The split bundles 1 1 are guided individually in- 
to the openings 8 in the side faces of the first wrist ele- 
ment 1 and clamped by means of the clampers 9 near 
the openings 8. The bundles 11 are led out of the first 
wrist element 1 through the openings 8, individually, and 
are connected to a hand, welding gun, or other working 
unit on the flange portion 12 of the first wrist element 1 . 
[0026] As shown in FIG. 3, the clampers 9 are provid- 
ed on the first wrist element 1 at given angles to the ra- 
dial direction from the first axis 4 or the central axis of 
rotation of the first wrist element 1 . Preferably, these giv- 
en angles have values such that the split bundles 11 are 
arranged along the sidewall of the hollow portion 18 of 
the first wrist element 1 so as to secure a space near 
the center of the hollow portion 18. 
[0027] If the first wrist element 1 is rotated relatively 
to the second wrist element 2, a pedestal element of the 
axis of rotation, in one direction around the first axis 4, 
the main bundle 10 is subjected to a force to twist it, 
since its split bundles 11 are anchored to the second 
and first wrist elements 2 and 1 by means of the clam- 
pers 1 6 and 9. Since a space is secured near the center 
of the hollow portion 1 8 of the first wrist element 1 , how- 
ever, the split bundles 1 1 move close to the center of the 
hollow portion 18. Thus, the twisting force that acts on 
the main bundle 10 and the split bundles 11 weakens, 
and the split bundles 11 less frequently rub against one 
another. 

[0028] If the rotation of the first wrist element 1 relative 
to the second wrist element 2 is repeated in this manner, 
the split bundles 1 1 of linear elements are entwined into 
the main bundle 10 and only move close to the center 
of hollow portion 18, so that the hollow portion 1 8 of the 
first wrist element 1 need not be wide. Thus, the wrist (i. 
e., relative rotation mechanism) can be made compact. 
Further, the twisting force that acts on the main bundle 
1 0 and the split bundles 1 1 weakens, and the split bun- 
dles 11 less frequently rub against one another, so that 
the durability of the linear elements can be improved. 



[0029] In order to improve the durability of the linear 
elements, moreover, the range of influence of the en- 
twinement and release of the split bundles 1 1 should be 
longer. To attain this, it is advisable to maximize the dis- 
5 tance between the clampers 1 6 and 9. 

[0030] Those parts of the split bundles 11 which are 
clamped by means of the clampers 9 near the openings 
8 of the first wrist element 1 are made fiat. With this con- 
figuration, the split bundles 11 are arranged circumfer- 

io entially along the inner sidewall of the first wrist element 
1 near the openings 8 of the hollow portion 1 8 of the first 
wrist element 1 . Thus, a wider space can be secured 
near the center of the hollow portion 1 8. More specifi- 
cally, the divided split bundles 11 of linear elements are 

15 arranged flat in one or more rows in the direction of the 
first axis and fixed to the first wrist element 1 by means 
of the clampers 9. Accordingly, the linear elements of 
the split bundles 11 are not twisted or tangled with one 
another in the sections between a branch point 21 where 

20 the main bundle 10 turns into the split bundles 11, and 
the clampers 9. If the first wrist element 1 is rotated, 
therefore, the main bundle 1 0 that bunches the split bun- 
dles 1 1 is twisted, so that the split bundles 1 1 move close 
to the center of the hollow portion 1 8 as they are wound 

25 around the main bundle 10. Thus, the twisting force on 
the main bundle 10 and the split bundles 11 is lessened 
as a whole, so that the durability of the linear elements 
can be improved. Since the wider space can be secured 
near the center of the hollow portion 1 8, moreover, con- 

30 tact between the split bundles 1 1 can be eased, and the 
durability of the linear elements can be prevented from 
being lowered by rubbing. 

[0031] Further, the linear elements can be replaced 
by only removing the linear element bundles 10 and 11 

35 from the clampers 13, 13\ 15 : 15', 1 6 and 9. Since those 
parts which are bent in a narrow space such as the 
space in the wrist are formed of the split bundles 11, 
moreover, the linear element bundles 1 0 and 1 1 can be 
drawn out and attached with ease. 

40 [0032] According to the embodiment described 
above, the present invention is applicable to the wrist 
elements of a robot wrist that rotate relatively to one an- 
other. The present invention may also be applied to oth- 
er cases where one member rotates relative to another 

45 member, such as between a robot mounting base and 
a turning barrel, or in a machine or apparatus that has 
a turning mechanism. In this case, a plurality of benda- 
ble linear elements, such as hoses, pipes, etc., can be 
laid along the central axis of rotation in the same manner 

50 as in the case of a robot wrist. More specifically, a plu- 
rality of linear elements are entwined into a main bundle, 
which is fixed to a member on the pedestal side of the 
relative rotation. On the other side, the main bundle is 
divided into a plurality of split bundles that are formed 

55 of one or more linear elements each. These split bun- ■ 
dies are guided and fixed to a member that rotates rel- 
atively to the pedestal. They are arranged at given an- 
gles to the direction of the radius of the relative rotation. 
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[0033] According to the present disclosure, compared 
with the prior art, the angle of relative rotation can be 
enlarged without requiring a wide space, and the dura- 
bility can be improved. Thus, the reliability of linear ele- 
ments, such as cables, pipes, etc., can be enhanced. 5 



Claims 

1. A linear element laying structure in a relative rota- 10 
tion mechanism, in which first and second members 
having a hollow portion each are connected so as 

to be relatively rotatable around an axis passing 
through the two hollow portions, and linear ele- 
ments, formed of wires and/or pipes, are passed *5 
through a hole at the axis of rotation of the junction 
of said first and second members and laid in the hol- 
low portions, wherein 

a bundle of said linear elements is fixed to a 
stationary portion of said second member on the 20 
side of the hollow portion, extends from the station- 
ary portion and passes through the hollow portion 
of said second member, is guided into the hollow 
portion of said first member through the hole at the 
axis of rotation, and is divided into a plurality of split 25 
bundles formed of one or more linear elements 
each, and the split bundles are guided at given an- 
gles to directions radial to the axis of relative rota- 
tion of said first member, drawn out through a plu- 
rality of openings in the sidewall of said first mem- 30 
ber, and fixed near said openings. 

2. 'The linear element laying structure in a relative ro- 
tation mechanism according to claim 1, wherein 
said split bundles are clamped by means of clam- 35 
pers located near the openings of the first member 

so that the clamped portions are substantially flat. 

3. The linear element laying structure in a relative ro- 
tation mechanism according to claim 1 or 2, wherein *o 
the split bundles are arranged substantially circum- 
ferentially along the inner surface of the sidewall of 

the first member near said openings. 

4. The linear element laying structure in a relative ro- 45 
tation mechanism according to claim 1, 2 or 3, 
wherein said second member is a pedestal element 

of the axis of rotation of the distal end of the robot 
wrist, and said first member is a distal end element 
of the robot wrist. 50 
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